Apart from Serbia, among Balkan countries, as one of the world's leading raspberry producers, Bosnia and Herzegovina (B&H) is gaining importance in raspberry production in Europe. Importantly, raspberries in B&H are produced on small farms (0.3 ha on average), which are specific to the country. According to official data on raspberry production in B&H for the period of 2015 to 2016, raspberry acreage increased by 57% (1.682-2.647 ha) and total production increased by 63% (13.631-22.160 t) . Nevertheless, this increase is accompanied by the fact that growers are generally prone to increasing raspberry acreage rather than upgrading growing technology, which very often reduces the cost-effectiveness of production. Insufficient knowledge of raspberry growth and development biology and the consequential partial control of major physiological processes through cultural and cane management practices are the most common causes of reduced yields. The specificity of the biennial cycle of development in floricane raspberry cultivars and the need for precision cane management, by hand (Nenadić, 1986) or by chemical methods (Poledica et al., 2012) , are made even more complex by the characteristics and position of adventitious buds that form new canes (Mićić et al., 2015) . Cane density and the number of well-developed mixed buds per cane and hence the cane density per meter of hedgerow are determinants of fruit yield and quality. Cultivars should receive proper treatment adapted to local growing conditions (Stanisavljević et al., 2002; Skrovankova et al., 2015) in accordance with the cultivar specificity. A large number of studies on new raspberry cultivars have mostly relied on evaluating their vegetative and generative characteristics (Leposavić et al., 2013; Andrianjaka-Camps et al., 2016; Orzel et al, 2016; Alibabić et al., 2018) . Few studies have analyzed the need for an optimum production system or the use of new or adapted cultural and cane management practices (Palonen et al., 2008; Glišić et al., 2009; Poledica et al., 2012) , which could make a substantial contribution to high regular yields. It is a common practice among raspberry growers in B&H to retain a large number of canes for increased yields, without taking care of the quality of the buds retained on the canes, their position, biological potential, or competitive relationships with primocanes developing in the current growing season. This research evaluated the effect of the reduction of fruit bearing potential on the number and position of mixed buds on raspberry canes to determine the optimum crop load for high yields of good-quality fruit. At the same time, the objective of the study was to determine the contents of secondary metabolites in different cultivars (Meeker, Tulameen, and Willamette) and assess their antioxidant activity. The research is of practical importance in terms of establishing optimum cane density and providing recommendations about pruning, i.e. cutting back canes and removing mixed buds at the base of the cane.
Material and methods
This research was conducted in eastern Bosnia and Herzegovina, in a 0.5 ha commercial orchard (Municipality of Bratunac, Bjelovac site, Lat: 44 9 17.33097, Long: 19 23 44.49325, Altitude 219-230 m). The cultivar structure in the orchard was as follows: Willamette (about 60%), Meeker (about 20%), and Tulameen (about 20%). The orchard was established in 2010 in a hedgerow growing system with 2 wires placed at 120 and 180 cm above ground, respectively. The canes were secured to the wires with plastic-coated ties after dormancy, when the cutback treatment was made. The initial plant density was 2.2 × 0.20 m for Willamette, and 2.7 × 0.25 m for both Meeker and Tulameen. The row space (1.2 m wide) was maintained fallow, whereas the interrow space was a mixture of native grasses maintained as grass mulch by regular mowing. The analysis of the effect of modeling the fruit-bearing potential was made during 2015 and 2016. The experiment, with different fruit-bearing potentials, involved 2 treatments and the control. The control was a load of 120 mixed buds per meter of hedgerow, i.e. the density of 9 canes per meter of hedgerow, each with 15 vital, well-developed buds (corresponding to the load of canes in ordinary production practice, indicated as c 120 in Tables 1-3) . For the fruit-bearing potential, 2 methods of reduction were used: a) retaining 100 mixed buds per meter of hedgerow, i.e. 10 canes with 10 buds per cane (Treatment 1, medium fruit-bearing potential, indicated as t 100 in Tables 1-3) and b) keeping 80 buds per meter of hedgerow, i.e. 8 canes with 10 buds per cane (Treatment 2, low fruit-bearing potential, indicated as t 80 in Tables 1-3). The other buds were manually removed before the onset of the growing season, ensuring that the buds of highest quality, i.e. ones positioned in the middle portion of the cane, were retained, while removing those at the base and tip of the cane. Each treatment was laid out in a randomized block design with 5 m of hedgerow in 5 replications. All of the canes were cut back to the same height of 200 cm, the standard in ordinary production practice. The number of fruiting laterals, number of fruits, and yield per cane were determined. The yield per meter of hedgerow in 2015 was analyzed from 12 June to 26 July for Willamette, 19 June to 15 August for Meeker, and 21 June to 30 July for Tulameen. In 2016, yield evaluations were made on the following dates: 4 June-25 July for Willamette, 14 June-29 July for Meeker, and 14 June-4 August for Tulameen. For each combination and replication, 50 fruits were sampled at the initial commercial maturity stage for the determination of the fruit weight (g), fruit length (cm), and fruit width (cm). Subsamples of the fresh fruits were stored at -20 °C for further analysis of the phenolic compounds and antioxidant capacity for all of the cultivars in both experimental years under the medium fruitbearing potential treatment (t 2-100 ). Fruit samples were homogenized in a blender, and the pH of the obtained juice was measured using a standardized pH meter (Hanna pH 211, Hanna Instruments, Cluj, Romania) at room temperature. Titratable acidity (TA) was determined by titration with a solution of 0.1 M NaOH to an end point of 8.1, and expressed as percent of malic acid (Đurić et al., 2015) . Fruit extracts were prepared according to the procedure described by Tehrani et al. (2011) and were used for the determination of the total phenols and flavonoids. Total phenol content (TPC) was determined using the Folin-Ciocalteu (FC) spectrophotometric (UV-VIS, Shimadzu 1240 mini; Shimadzu Corporation, Kyoto, Japan) method (Singleton and Rosi, 1965) , and the results were expressed as milligrams of gallic acid equivalent (GAE) per 100 g fresh weight. Total flavonoid content was determined via the spectrophotometric method using aluminum chloride, as described by Tehrani et al. (2011) , and the results were expressed as milligrams of catechin equivalent (CE) per 100 g fresh weight. All of the tests were performed in triplicate. The free radical scavenging ability of the fruit homogenate was measured using the method of Đurić et al. (2015) , which includes quenching stable free 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals, and the antioxidant activity was expressed as the effective concentration (EC 50 , mg fresh weight/mL), i.e. the concentration at which 50% of DPPH radicals were quenched. The standard AOAC (1990) 2,6-dichlorophenolindophenol method was used for the vitamin C content determination. The dry matter content was determined by drying at a temperature of 105 °C to a constant weight according to the standard AOAC (1990) method. The sample extraction and total anthocyanin content (TAC), which was quantified by the pH differential method, were performed using the procedure described by Natić et al. (2015) . Measurements were done in triplicate and the results were expressed as milligrams of cyanidin-3-O-glucoside equivalents (C3GE) per 100 g frozen weight. Data were analyzed through general linear models with appropriate post hoc testing in cases of significant differences. The total effect of the applied treatments on the tested biochemical characteristics was presented and analyzed using principal components analysis. Statistical analysis and the graphical presentation were performed using IBM SPSS 22 statistical software.
Results
The mean monthly air temperatures during harvest were somewhat higher in 2016 than in 2015, as shown in Figure  1 . The total precipitation in 2016 was 1285.8 mm, and it F Y × C × D , LSD Y × C × D F = 6.9**, LSD = 1.2 F = 1.3 ns was higher than in 2015 (1049.4 mm), particularly during the summer months (July and August) and, to some extent, in the first part of the growing season. The analysis of the number of fruiting laterals per primary cane in the studied raspberry cultivars is shown in Table 1 , which indicated a highly statistically significant interaction between the treatment and cultivar (P < 0.001), without a significant effect of the year of study (P = 0.129). Namely, in Meeker, the control yielded highly significantly (P < 0.001) more lateral branching per primary cane than the 2 treatments. In Tulameen, significantly more lateral branching was observed in the control than with Treatment 2 (P = 0.024). In Tulameen, Treatment 1 did not yield results that significantly differed from either the control or Treatment 2 (P > 0.199). In Willamette, the control yielded significantly (P < 0.001) more lateral branching on the primary canes than the 2 treatments. The analysis of the number of fruits showed a highly significant (P < 0.001) interaction of all of the studied factors. In Meeker, in 2015, Treatment 2 resulted in significantly (P = 0.017) more fruits than the control. In 2016, the control yielded a highly significant (P < 0.001) increase in the number of fruits than the 2 treatments. In Tulameen, in 2015, Treatment 2 resulted in a significantly (P < 0.043) lower number of fruits than Treatment 1 and the control. In 2016, the number of fruits was significantly higher with Treatments 1 and 2 than in the control (P < 0.020). In Willamette, in both years, the control yielded a significantly (P < 0.05) higher number of fruits compared to the 2 treatments. Analysis of the fruit weight, as shown in Table 2 , revealed no significant interaction between the studied factors regarding the treatment effects (P > 0.112). The heaviest fruits were produced with Treatment 2, which resulted in significantly higher fruit weight (P = 0.004) compared to Treatment 1.
The control yielded highly significantly (P < 0.009) smaller fruits than the 2 treatments. The analysis of fruit length and fruit width revealed highly significant (P < 0.001) and significant (P < 0.048) interactions of the studied factors, respectively. The yield per cane in the tested cultivars, as shown in Table 3 , was rather uniform in 2015, whereas it was significantly higher in Tulameen than in Meeker and, particularly, Willamette, in 2016. The yield per meter of hedgerow and yield per unit area (ha) were dependent on the fruit-bearing potential of the canes, as well as the number of canes per meter of hedgerow and cane density. Yields were somewhat lower in Willamette in 2016.
The analysis of the phenols, flavonoids, and anthocyanins, as shown in Table 4 , revealed a highly significant interaction of the studied factors (P < 0.01), indicating different cultivar responses in the different years of the study. The highest phenol, flavonoid, and anthocyanin contents were consistently measured in Meeker and Willamette, while Tulameen had the lowest levels. The opposite was found for antioxidant activity, expressed as EC 50 (Table 3) , in 2016, while in 2015, the cultivars followed the same pattern for EC 50 as for the other biochemical characteristics. Analysis of the titratable acidity, pH, dry matter, and vitamin C content, as shown in Table 5 , indicated a highly significant (P < 0.01) interaction between the studied factors for vitamin C and titratable acidity, whereas the dry matter content was highly-significantly affected by the year and cultivar, with no significant interaction. There was no significant difference in the pH values. Highly significant vitamin C content was determined in Meeker and Willamette, for both years. The dry matter content was significantly higher in 2016, and highly-significant in Meeker. The highest acidity was measured in Tulameen and Willamette in 2016. These cultivars were also more acidic in 2015.
The principal components analysis presented in Figures 2 and 3 showed 2 distinct groups of cultivars along the second component, with the year of study as the grouping factor. Acidity, dry matter content, pH, and vitamin C differed consistently between the years. Namely, in 2016, there was an increase in dry matter content, acidity, and vitamin C, and a decrease in pH, compared to 2015. The cultivars were also separated into groups along the first principal component. In both years, Tulameen was grouped separately from Meeker and Willamette. Generally in both years, Tulameen had lower flavonoid, phenol, anthocyanin, and vitamin C values. The grouping of Meeker and Willamette in 2015 and 2016 was also notable. This grouping was along the second principal component, as a subgroup, with respect to years, as described above, and can be attributed to the influence of the year of study.
Discussion
Cultural and cane management practices in intensive raspberry orchards largely determine the quality of mixed buds that form fruiting laterals. The number of fruiting laterals per cane showed the high vitality and productivity of the retained buds, particularly when the number of buds was reduced to 10 buds per cane (Treatments 1 and 2). In 2015, in Treatments 1 and 2, each with 10 buds, Willamette produced a total of 10.35 and 10.20 fruiting laterals, respectively, as the result of activation of the bottom (secondary) serial bud on the node. During the research, all of the secondary fruiting laterals were recorded (data not shown); however, due to their low percent presence, they were not separately presented. The high percentage of fruiting lateral formation and secondary bud activation confirmed the importance and effect of the reduction of the number of buds per cane. The number of fruiting laterals is directly related to the length of the retained cane (Glišić et al., 2009; Poledica et al., 2012) , although not always proportional. The increase in cane length (Glišić et al., 2009 ) is justified if it is accompanied by an increase in the number of high-quality mixed buds and, hence, the number of fruiting laterals. In ordinary production practice, buds in the bottom zone of the cane (below 50-60 cm) are quite often poorly differentiated or do not produce desired yields due to shade. The number of fruits per cane is directly associated with the number of fruiting laterals (Poledica et al., 2012) , regardless of the cultivar specificity. The best fruit characteristics were obtained with Treatment 2, with a load of 100 buds, whereas both an increase and a decrease in the number of buds led to a reduction in fruit dimensions. The present results are consistent with the findings of studies conducted in regions with a long tradition of raspberry production (Glišić et al., 2009; Poledica et al., 2012) , but are significantly higher than those of some other reports (Leposavić et al., 2013; Alibabić et al., 2018; Orzel et al., 2016) . These differences were particularly pronounced in Willamette, in 2015, when the reduction in the fruit-bearing potential led to a significant increase in fruit size, which was not the case in 2016. This confirmed the fact that Willamette exhibits a very good response to optimum growing conditions (Stanisavljević, 2002) , which opens up the possibility of modifying the existing production technology. Relatively large fruits were obtained in Meeker and, particularly, in Tulameen in both years. Precision cane management can contribute to achieving high fruit quality, not only for frozen raspberries, but also for the fresh market. This is of particular importance for Tulameen fruits, which are prone to an irreversible color change during freezing (personal communication with cold-storage specialists). Red raspberries are highly regarded for their antioxidant compounds, such as phenols, flavonoids, anthocyanins, and vitamin C. Their antioxidant activity is linked to their anticancer properties and the ability to prevent other oxidative stress-related diseases, such as inflammation and cardiovascular diseases (Andrianjaka-Camps et al., 2016) . Consuming fresh, rather than processed, raspberries is recommended, since processing conditions, such as high temperatures, affect the content of secondary metabolites (Oancea and Calin, 2016) . All 3 cultivars in both experimental years (Table 3) had extremely high total phenolic contents (1578.66-2301.86 mg GAE/100 g fresh weight ), which is a result that has rarely been recorded in the literature (Pantelidis et al., 2007; De Ancos et al., 2000; Poledica et al., 2012; Orzel et al., 2016) . Literature values for TPC are generally up to 500 mg GAE/100 g fresh weight (Milivojević et al., 2011; Alibabić et al., 2018) . Many studies have shown that fruit characteristics are influenced by factors such as climate conditions, altitude, soil characteristics, ripeness at harvest time, irrigation and other cultural practices, and cultivar characteristics, which explain differences across experiments (Milivojević et al., 2011; Leposavić et al., 2013; Natić et al., 2015; Andrianjaka-Camps et al., 2016; Alibabić et al., 2018) . The vitamin C content ranged from 24.79 to 47.18 mg/100 g fresh weight , and was comparable to the values in the literature (Poledica et al., 2012; Alibabić et al., 2018) . The total flavonoid content, (116.79 to 204.42 mg CE/100 g fresh weight) compared to raspberries in Turkey (Sariburin et al., 2010) , Brasil (Rios de Souza et al., 2014) , and Serbia (Cetojević-Simin et al., 2015) , was in the more than average range. However, interestingly, the total monomeric anthocyanin content was lower than values reported elsewhere (6.30 to 11.63 mg C3GE/100 g frozen weight) (Poledica et al., 2012; Alibabić et al., 2018) . The dry matter content was higher in Meeker and Tulameen than in Willamette, in both experimental years, which is in accordance with the findings of Leposavić et al. (2013) . Higher dry matter contents were obtained in 2016 for all of the cultivars, probably as the result of higher air temperatures in that year. All 3 cultivars had a narrow pH range in their fruit juice (3.1-3.34) and TA in the range of 1.26%-2.04%, which is consistent with the literature values (Milivojević et al., 2011; Poledica et al., 2012; Alibabić et al., 2018) .
Since the vitamin C and flavonoid contents were average and the TAC was even lower than in the literature, it can be assumed that the excellent antioxidant activity (EC 50 in the range of 3.83-6.45 mg fresh weight/mL) mostly depended on high TPC.
In conclusion, precision cane meristem management, which is used to regulate fruit-bearing potential in floricane raspberry cultivars, affects their fruit characteristics and total yield. Reducing the number of mixed buds per meter of hedgerow to below 100 (80 buds) led to a substantial decline in crop yield, while increasing the number of buds to 120 did not result in substantial yield increases, but it did affect the fruit characteristics, given the more pronounced competitiveness. Willamette showed variations in these parameters. All of the tested cultivars had very high total phenol contents, which was strongly correlated with the excellent antioxidant activity expressed as the ability to quench free stable DPPH radicals. Therefore, the fruits of these cultivars are highly recommended for consumption, considering the well-known health benefits of phenolics and other antioxidant compounds. The results justified the use of precision cane management practices in raspberry orchards, particularly on small acreage. Regulating the fruit-bearing potential, vigor can have a positive effect on cultural practices used in the orchard (such as pest and disease management). Introducing new or old cultivars into new production areas calls for optimum cane management practices in accordance with growing conditions.
